SYMPOSIUM ON ARTHROPOD-BORNE AND OTHER FORMS OF ENCEPHALITIS IN THE TROPICS
Major-General W. D. Hughes: General Clinical Aspects The clinical picture of encephalitis, which merely denotes an inflammatory condition of the brain, may present with a wide variety of signs and symptoms depending on the severity of the infection and on the localization of inflammatory lesions in one or other regions of the brain. The condition should be suspected in any non-specific febrile illness occurring in an encephalitic area, or in any case of aseptic meningitis. The typical case is easier to diagnose in the presence of other cases although there are numerous pitfalls. The disease is ushered in by fever, usually very high, this, plus severe headache, being the most prominent symptom. Numerous investigations for malaria and other tropical disorders are usually carried out at this stage. In two to three days this phase is succeeded by the acute encephalitis stage-the patient is severely ill with a high temperature and neck stiffness. More often than not he is lethargic, withdrawn and uncommunicative, but in some forms he may be irritable or violent. The head and neck and sometimes the upper part of the trunk are flushed and congested. The face is expressionless, the speech slow, thick and difficult to understand.
Then follows increasing evidence of general and focal brain damage such as convulsions, coma and paralysis. Pyramidal involvement is shown by spastic weakness, often unilateral. Bulbar involvement is not common but may show as facial weakness, nerve deafness, or difficulty in speech, and swallowing. Unlike encephalitis lethargica, disorders of eye movements and pupillary reactions are infrequent. Involvement of the anterior horn cells producing flaccid paralysis akin to poliomyelitis and affecting particularly the neck and shoulder girdle muscles is a feature of Russian springsummer encephalitis. Extrapyramidal lesions may occur either in the cerebellum or basal ganglia; the latter are frequent, causing choreoathetotic movements. The course of the severe case is unpredictable, coma is a bad prognostic sign, but even the severe case may proceed to recovery.
Examination of the blood shows a raised erythrocyte sedimentation rate and an almost constant polymorphonuclear leucocystosis of moderate degree from 10,000 to 20,000 cells per c. mm. The cerebrospinal fluid usually shows a raised cell count of 100 to 200, polymorphic at first, but later predominantly lymphocytic. The protein content averages 50 to 100 mg.Y%, the sugar and chlorides remain normal.
The encephalitic stage has to be differentiated from infections with arbor viruses which are not primarily neurotropic, but may occasionally become so, such as those of dengue and West Nile fever, and from non-arbor virus infections such as polioencephalitis, aseptic meningitis, and post-infective encephalitis following chickenpox, measles, mumps, whooping-cough and vaccinia.
Bacterial infections such as tuberculous, meningococcal or pneumococcal meningitis; protozoal infections such as cerebral malaria and trypanosomiasis; spirochetal infections such as leptospirosis and syphilis and helminthic infections such as trichinosis may also have to be considered under certain circumstances.
There are also non-infective conditions producing paralysis, convulsions and coma, such as epilepsy, brain tumour, diabetes, trauma, poisoning, heat-stroke, hypoglycxmia and hysteria; and finally acute psychotic states with retardation and flattening of affect on the one hand, and excitement and mania on the other, may simulate certain aspects of the acute encephalitic.
With regard to treatment, there is no specific remedy, but good supportive measures can help considerably to reduce the mortality.
Lt.-Col. M. M. Lewis, R.A.M.C.: General Epidemiology and Prevention We are considering a group of zoonoses having a widespread reservoir in mammals and birds, and normally requiring an arthropod vector at some stage. Man is not a maintaining host for the viruses concerned; he is merely an incidental host. As explained by Audy (1958) with reference to all zoonoses, .... a pathogen exists unknown to man until he happens to intrude into the niche occupied by it". This brings me to my first point of particular interest to the military hygienist. We cannot assess the military importance of arthropod-borne virus encephalitis by merely taking note of the number of overt and recognized human cases; if we did so we might underestimate the importance of these diseases to military communities.
There is serological evidence that these viruses are more widely experienced by man than was formerly supposed. Our recent appreciation of this fact may be compared with present-day understanding of the wide distribution of the poliovirus in the rural tropics. We now recognize the importance of poliomyelitis as a hazard to troops serving in the tropics; it is suggested that arbor virus encephalitis should be considered in a somewhat similar light.
Danger lies in the immigration of a large number of susceptibles to an enzootic area. This was how scrub typhus emerged from comparative obscurity to become an important cause of military man-power loss in World War II. Rickettsia orientalis flourished in Burma almost unknown until the arrival of large numbers of susceptibles in the shape of the 14th Army.
It is evident that "inapparent infections" with arbor viruses occur but, as yet, we do not know their true incidence. It may be presumed that there have been many cases among soldiers in the past, perhaps labelled "pyrexia of unknown origin", that were unrecognized infections with these viruses. This potential threat to the health of troops is almost world-wide. In the Far East the important virus is that of Japanese B encephalitis, which has caused serious epidemics in China and Japan. Our troops have had experience of this disease in Hong Kong and Malaya where, among the indigenous peoples, it is seen mainly to affect young children. In Europeans it affects all age groups. The virus has been isolated from two species of mosquitoes in nature, namely Culex tritwniorrhynchus and Culex pipiens. No sylvatic reservoir has yet been identified, although pigs and horses have been found naturally infected. In Singapore the disease has an "island" type of distribution which, as one would expect with what is primarily a zoonosis, is not related to concentrations of human population. A positive correlation with high rodent infestations, having a high parasitization index for trombiculid mites, has been noted by Dowling (1956) and others. However, the virus has not yet been demonstrated in either rodents or mites. Investigations by a Royal Army Medical Corps team in Singapore are continuing.
In the U.S.S.R. and some adjacent countries there is the virus of Russian spring-summer encephalitis, with a reservoir in woodland mammals and birds. The vectors are ticks of the family ixodidca which transmit the virus to domestic animals as well as man. Infection through the ingestion of goat's milk also occurs. Although this virus was identified as recently as 1937 it is thought to be a very old disease. Allied to it is the virus of louping ill which affects sheep in Scotland and is of veterinary importance only. A closely related disease was identified in India in 1957 and named Kyasanur Forest disease. This virus has a natural reservoir among small rodents and is transmitted by ticks of the family ixodide. The 1957 epidemic was preceded by an epizootic among monkeys, large numbers of which were found dead in the forest . One is reminded of the epidemiology of jungle yellow fever in Trinidad; -it was in 1914 that Balfour reported the local negro saying that prior to an epidemic of yellow fever the red howler monkeys were to be found dead and dying in the high woods.
In the Americas there are the equine encephalitides-eastern, western and Venezuelan-and also St. Louis encephalitis. All four viruses are found in horses and birds, and cause encephalitis in man. Transmission is by culicine and aedes mosquitoes; bird mites have been found naturally infected with the virus of western equine encephalitis. In Africa there is the West Nile virus, possibly extending into the Mediterranean, and also other viruses such as the Semliki Forest and Bunyamwera viruses. Finally, in the Antipodes the arbor viruses are represented by the virus of Murray Valley encephalitis.
At first sight the extent of the military hazard which these arbor virus encephalitides represent may not seem very great; in Malaya only one European case of Japanese B encephalitis was reported in 1958 up to October 10. However, we shall not know the true incidence until special laboratory diagnostic services are readily available. Although there is already evidence of a wide distribution of these viruses in nature, there are many gaps in our knowledge regarding hosts and vectors. In addition, there is always the possibility that these viruses may become associated with urban vectors in a manner similar to yellow fever.
Therefore we must take note of the fact that a force of European troops might suffer a high attack rate if introduced into an enzootic area. A more detailed appreciation of the problem cannot be made until the gaps in our knowledge are closed. In this connexion medical intelligence, based upon surveys and research performed under peacetime conditions, is vital.
For prevention one would hope for vaccines as effective as the 17D yellow fever vaccine; with such protection troops and their commanders 194 would have little to fear from these viruses. Other measures include:
(1) Avoidance of enzootic and endemic areas, whenever possible. (2) Vector control, which presents particular problems because usually the vectors are, as far as is known, not house-haunting species of arthropods, therefore kills of adult arthropods out of doors have to be attempted; to this end, dieldrin dispersed by swing-fog techniques has been used against culicines in Malaya with apparent success.
(3) Protection against the bites of arthropods by means of suitable clothing and repellents. (4) Destruction of animal reservoirs may be considered. Yet one must proceed with caution because these maintaining hosts divert the disease away from man.
Colonel P. L. E. Wood: Japanese B Encephalitis in the Far East Between 1871 and 1935 some 15 epidemics of summer encephalitis were reported in Japan. Of these, 2 are of particular importance-those of 1924 and 1935. The 1924 epidemic spread through a wide area with its heaviest concentration round the Inland Sea, where the disease has remained endemic. Lewis et al. (1947) quote Japanese authorities who state that the disease claimed a 60% mortality among 6,000 cases. It was through clinical observations made of this epidemic that the disease was distinguished from Type A encephalitis and gained its name as Type B Japanese encephalitis. During the period 1924 to 1937 outbreaks occurred annually with a total of 21,300 cases over the entire period. The first successful virus isolation by monkey inoculation from the brain of a fatal case was made in 1934 by Hayashi. Subsequent studies were facilitated by finding in 1935 that the mouse was susceptible. St. Louis type encephalitis was first reported in 1933-occurring in the late summer. Boyd (1958) states that the clinical and pathological pictures of the 1924 Japanese and the 1933 St. Louis cases were identical. Serological differences were established later.
EPIDEMIOLOGY
In 1937 Inada, in Japan, was able to transmit encephalitis to mice by bites from a pool of naturally infected culicines. The Russians confirmed this work in 1940. Whereas laboratory-infected culicine and aedes mosquitoes have been proved capable of transmitting encephalitis virus to mice, and the list of sub-species capable of doing so is a growing one, isolation of the virus from mosquitoes infected in the natural state is limited to two, or possibly three, subspecies, and the record of fiilures to achieve isolation from large catches in the presence of epidemics is impressive.
The serological pattern in animals and birds has been studied in Japan, in Okinawa in 1945 by and in Malaya by Paterson et al. in 1952 . Between 1941 and 1943 , Mitamura et al. (1950 carried out a serological survey embracing Korea, Manchuria, Central China, Indo-China, Hainan, and Java. They found inhibitor substances present in sera from 95% of a large selection of horses in Japan. While there was no evidence of the St. Louis virus in Japan, 7 out of 15 horses were thought to be positive to this virus in Korea. A parallel study on humans showed that experience of Japanese B infection varied widely in Manchuria, reached a high level, 65 % positives, in Hangchoo in Central China and was 44% in Indo-China. Curiously enough there was no evidence of the virus on Hainan Island. Nowhere in the Far East did the survey reveal evidence of western equine encephalitis or louping ill.
Epizootics have only been recorded in horses in Japan in 1947 and 1948 , and Singapore in 1951 (Paterson et al., 1952 . Virus strains isolated from horses in Japan in 1947 were shown to be similar but not identical with the Nakayama strain Japanese B virus . Paterson et al. (1952) examined convalescent sera from 7 race-horses recovering from encephalitis in Singapore. They demonstrated significant levels of neutralizing antibodies to the Japanese B virus. These horses had been recently imported prior to their illness. American observers in Korea, Japan, Okinawa and Guam have all failed to find an epizootic running either a parallel or an antecedent course to the observed epidemic . Kitaoka and Miura (1949) , reporting on 72 human cases of Japanese B encephalitis in Okayama Prefecture in Japan between August and October 1947, pointed out that while an epizootic was widespread at that time throughout Japan only 6 cases of clinical disease among horses occurred in their prefecture. They stated that the morbidity rate in horses was at least a hundred times that in man.
Is summer encephalitis a fair synonym for Japanese B encephalitis? From 1939 onwards outbreaks of* this disease, serologically, have occurred in Japan, Okinawa, Korea, Chunking and Peking, and Hong Kong, only in the summer months. Climatically these countries enjoy a distinct summer, the rainy season, and winter. Mosquito breeding is limited to the summer. The Malayan climate shows no seasonal variations and, as one might expect, cases of Japanese B encephalitis have been shown to occur throughout the year (Morrison, 1958) .
Where then does the virus live in the winter? A transovarian cycle in an avian or mammalian parasite, as has been demonstrated in western equine encephalitis, has not so far been discovered. summarized his extensive research on Okinawa when he stated that he had been unable to find either a mite host, a vertebrate host, or natural infection in a mosquito.
The Japanese have always recognized that the disease was primarily one of children. Sabin (1947) , when investigating the endemicity on Okinawa, found that antibodies were present in 90% of sera from the over-20 age group and in 55% from the over-10's. About 90% of the adult civilian population of Singapore have neutralizing antibodies in their sera according to Morrison (1958) . Lewis et al. (1947) noted that in Okinawa in 1945, out of 66 patients admitted with Japanese B encephalitis in that year's outbreak, 28 were in the age group 5 to 9, while 50 of the patients were under the age of 16. In a July outbreak in Chungking in 1944, 75% of cases were under the age of 10 (Chen and Chang, 1948) . Hullinghorst et al. (1951) , describing the 1949 Korean epidemic, stated that out of 5,000 cases reported over 60% were children between the ages of 2 and 12. The phenomenon of the "inapparent infection" has been studied in a small group of native school children, on Okinawa, by Blender and Cousins (1950) . These investigators examined sera in March and again in September 1948 from the group. They found that 5 children with no demonstrable antibodies in March had developed them in September and this in the presence of only one single case of encephalitis in the district throughout the period.
These children had remained perfectly well.
In the years 1945 -1949 Sabin, quoted by Tigertt et al. (1950 , noted the absence of serological evidence of the mild case on Okinawa. Sabin commented: "That this should obtain in spite of serological evidence of 'inapparent' infection in both Americans and native Okinawans strongly supports the hypothesis that such immune reactions are obtained without significant quantities of the virus becoming established in the brain, and that the virus, if once established in nerve tissue, usually multiplies to an extent sufficient to produce definite clinical disease. Mild clinical cases have been missed, but a strenuous effort has been expended without the recognition of any such cases in the entire Far East."
Here then is an endemic disease widespread throughout the Far East, characteristically producing sporadic, summer, outbreaks outside the tropics, which mainly affect children. There are big gaps in our knowledge of the part played by mosquitoes, or other arthropods, birds, mammals, and man in the spread of infection. INCIDENCE There are several accounts of outbreaks of Japanese B encephalitis since 1945. Lincoln and Silvertson (1952) Guam in 1947-8. Pieper and Kurland (1958) followed up most of these cases ten years later, in 1957, and were able to report on the sequels. Dickerson et al. (1952) discussed the diagnosis and immediate prognosis basing their observations on more than 200 patients with a detailed analysis of 65 serologically confirmed ones. Dickerson's cases were American soldiers from Korea, whom he saw in a base hospital in Japan, many of whom had been seen initially and described by Lincoln and Silvertson (1952) .
Hong Kong's contribution is some 20 cases among British soldiers seen in 1954, 1955 and 1958 by Bagshaw and Wood (1958) . Chen and Chang (1948) gave an interesting account of an outbreak of summer encephalitis in Chungking in 1944 involving 40 patients, of whom 75% were children. Unlike any of the studies I have selected for mention they were unable to secure serological confirmation that their cases were in fact Japanese B encephalitics. Morrison (1958) (1950) in their survey of three outbreaks involving 54 cases were only able to confirm the diagnosis serologically in 16. Edgren et al. (1958) mention 6 uncertain cases out of 48 cases of encephalitis. Lewis et al. (1947) , using the complement-fixation test only, were able to confirm the diagnosis of Japanese B encephalitis in 88 % of their cases. Bagshaw was only able to secure confirmation in 50 % of his cases. As he remarks, patients lying in adjacent beds may have identical clinical appearances but different serology.
CLINICAL COURSE The onset is usually acute, fever and severe headache disabling the patient in a matter of hours. Lincoln and Silvertson (1952) recognized three types of onset; a gradual one with a headache and low fever which might either terminate after four to five days or progress to a severe illness; an acute type with relentless headache, chills, vomiting and developing neck rigidity; and a hyperacute onset characterized by mounting fever, psychotic behaviour, and fits. They were able to recognize the cases on screening by their facies, by the flushed faces, blank staring eyes, and injected conjunctive. They were seeing all their cases within forty-eight hours of onset. Headache was a constant finding, nuchal rigidity could be demonstrated in 90%. Half their patients were vomiting while an aching of muscles combined with a "weakness" in performing movements was seen in 25 %. Only 14% complained of diplopia and blurring of vision.
By the third or fourth day of the disease they had noticed deterioration of behaviour in 70% of cases. Marked confusion, violent and irrational behaviour, irritability, release of inhibitions and lack of sphincter control were features. They stated that lysis might occur as early as the fourth and as late as the eleventh day and that with lysis the patient might make a dramatic improvement-becoming rational and co-operative overnight. The state of the superficial reflexes was related to the sensorial change, if present. 69 patients (34%) had complete loss of abdominal reflexes and 91 % of these showed sensorial changes. They considered that a return of these reflexes early in lysis might precede mental improvement and constitute a valuable prognostic sign. With other observers they commented on the unpredictable nature of the tendon reflexes, varying from day to day. Paralyses were upper or lower motor neuronal in type. There was a flaccid paralysis in 7 % of their series. Chen and Chang (1948) described 5 out of 40 cases with unilateral or bilateral spastic paralyses. 23 of Lewis's 66 cases showed transient or persistent paralyses (Lewis et al., 1947) . Transient mono-or hemiplegia was seen in 11, and VII nerve pareses in 2. Rigidity of varying degree is fairly common and this may be limited to one limb.
Tremor of the tongue, dysarthria, and gross slurring of the speech are all common signs in varying degrees of severity. A typical aphasia with a right-sided hemiplegia was seen in one of Lewis's cases. He remarked that the pupils were frequently contracted and fixed. He noted dissociated eye movements and nystagmus in 7 patients, and recorded trismus, athetoid positions, and excessive salivation as less common signs. Fever progressing to hyperpyrexia, deepening coma, and loss of reflexes accompanying coma were bad prognostic signs. There was no relationship between the occurrence of convulsions and the ultimate outcome. There were 13 deaths among his 66 cases. 9 of these patients died within fifteen days of onset. He makes the interesting comment that the opinion held on the role of complications in North American encephalitis, that deaths occurring after four or five days are almost invariably due to complications, did not seem to hold in his cases since 4 of his patients dying after an illness of seven days or more showed no disease other than in the central nervous system. 3 of these cases appear to have been in coma for more than thirty-four days.
Tigertt et al. (1950) noted that 35% of 401 Okinawan and 28% of 21 American cases died between 1945 and 1949. Lincoln and Silvertson (1952) lost 17 out of 201 patients, a mortality of 8-5 %, but this rate refers only to experience before the patients were evacuated-usually in the second week. Edgren et al. (1958) lost 4 out of 31 cases. Of 157 civil and military cases seen between 1956 and 1958, of which only a proportion were proven Japanese B infections, Morrison (1958) 
PATHOLOGY
Haymaker and Sabin (1947) described the topographical distribution of lesions of the central nervous system in a detailed study of a patient who had died after a ten-day illness, the virus being recovered from the brain. They drew attention to the striking involvement of the grey matter, the relative sparing of the white matter, and the absence of change in the thoracic and abdominal viscera. The structures most severely affected were the substantia nigra, s thalamus, basal nucleus and anterior horns of the spinal cord. In these areas the lesions, which they identify as neuronophagic nodules composed of mononuclear cells, were confluent; while in the cerebral cortex and cerebellum the lesions were discrete. Zimmerman (1946) examined the nervous systems and other viscera from 11 serologically proven cases in 1945. 9 of these cases were Okinawans and 2 were Americans. The duration of illness had ranged from five to thirteen days in 8 cases, and from thirty-seven to fifty-two days in 3. The histo-pathological changes were unlike those of post-vaccinal and the postinfectious encephalitides. In the latter, the lesions were confined almost exclusively to the central white matter of the brain and the fibre tracts of the spinal cord. They were almost always perivascular in distribution and consisted essentially of a breakdown of the medullary sheaths, accompanied by monocytic inflammatory changes. The white matter was spared except in those rare instances where the lesions spread from an affected collection of ganglion cells to encroach on the myelinated fibres. He regards the disease primarily as one of injury to ganglion cells with secondary inflammatory and regressive glial changes. Certain of its more distinctive features, such as the acellular plaques in the cerebral cortex and basal ganglia, the "spongy" lesions in the cerebellar cortex, and the deposition of calcium salts in the chronic cases, confer an individuality upon it, but it still resembles other forms of encephalitis of virus xtiology. He found typical bronchopneumonia of a noninterstitial type which was not suggestive of a virus wtiology in 3 cases. Edgren et al. (1958) call attention to a case in which both the clinical and pathological findings at autopsy were indistinguishable from poliomyelitis; Japanese B virus was, however, isolated from the brain.
All observers agree on the laboratory findings. A total white cell count of between 15,000 and 20,000 with an increase in polymorphs is a common finding. Cell counts in the cerebrospinal fluid may vary from 10 to 1,000; a polymorph response may accompany the onset but the fluid is usually lymphocytic by the fifth day (Lewis et al., 1947) . Lewis et al. (1947) found a raised proteinover 50 mg. %-in 12 out of 21 patients after the fifteenth day of illness and a dissociated raised cerebrospinal fluid protein has been noted by several observers. The sugar content remains normal.
Virus isolation from the cerebrospinal fluid was achieved ante mortem by Paterson et al. (1952) . In this case the virus was also recovered 6 from the brain at post-mortem and was named Kinrara '51 Strain.
Most observers agree that between 25% and 33% of all survivors will have clinical evidence of mental impairment or disturbed motor function on discharge.
Pieper and Kurland (1958) have recently published the results of a ten-year follow up of patients affected in the 1947-48 epidemic in Guam. They examined 23 out of 25 patients who had had serological evidence of Japanese B encephalitis with or without the probability of coincidental mumps infection and received reports on 2 others. 15 out of 25 had no sequele. Of the 8 who had neurological defects, in 3 a positive Babinski was the only evidence. 2 patients were mentally retarded. Sequelae were more common in patients who were less than 10 years old at the time of the illness. They considered that there was a close correlation between the presence of convulsions and other signs of neuronal involvement during the illness, and the later development of sequelh. Cerebrospinal fluid changes proved to be of no prognostic significance.
Diagnosis must depend on serological findings. Ideally a base-line serum taken as early as possible in the illness is examined for complement fixing, haemagglutination-inhibition, and neutralizing antibodies. Serial sera are examined thereafter to show rises in titre.
DIFFERENTIAL DIAGNOSIS
The differential diagnosis mainly depends on the presence or absence of associated cases. The sporadic case when first seen is likely to present as a meningo-encephalitis. It seems logical to exclude as a matter of urgency those conditions for which specific therapy exists. Under this heading paratyphoid B, cerebral malaria, tuberculous meningitis, meningococcal meningitis, cerebral abscess, vascular accidents, and heat stroke are among the possibilities.
In the face of an epidemic the preliminary diagnosis of an arbor virus encephalitis may be relatively easy.
A more difficult differentiation is between this condition and polioencephalitis. The short sharp onset, the relative infrequency of cranial nerve pareses in Japanese B encephalitis, and the waxing and waning of various physical signs in this disease may help to distinguish the two conditions in the early stages. Lincoln and Silvertson (1952) United Services Section 199 outbreak of mumps and Japanese B encephalitis. TREATMENT No specific treatment has yet been discovered. The physician aims at nourishing the patient from the onset through what may prove to be a lengthy illness, in which high fever and extreme restlessness may combine to produce rapid loss .of weight. He also has to avoid complications, the most serious being due to aspiration of food, vomit, or secretions. His role in preventing fits is less clear. Hyperpyrexia may develop early and is not necessarily a terminal event. It can be controlled. I found an-intragastric drip containing a complete food aimed at supplying 2,000-3,000 calories per day an easier technique to maintain in the face of delirium and violence than intravenous drips. I feel sure that chlorpromazine has a definite sedative and probable anti-emetic effect in these cases and used it for up to seven days in fourhourly doses totalling up to 200 mg. per day in the drip.
My patients were nursed in air-conditioned wards-on a firm mattress, without pillows, loosely constrained by flannelette halters round wrists and ankles. Turning from side to side combined with percussion over the bases and head-tipping downwards to 10 degrees in the prone and lateral positions were carried out two-hourly. Rectal temperature, pulse and respiration records were charted two-hourly. Aspiration of pooled secretion was carried out frequently. A vomit was the signal for tipping the foot end of the bed up 25 degrees.
Equipment for performing tracheotomy under Pentothal anesthesia following endotracheal intubation was at hand. Bagshaw (1955) was forced to do a tracheotomy to obtain an adequate airway on one patient. African Arthropod-borne Viruses
The subject of arthropod-borne neurotropic viruses would be incomplete without reference to some of the African arbor viruses. A brief survey of recent work on the subject seems appropriate.
Arbor viruses besides those of yellow. fever and dengue have been shown to be widespread in Africa as well as Asia. Between 1937 and 1947 Dick and Smithburn in the course of yellow fever research at Entebbe discovered eight of these arbor viruses and since then new ones have been constantly added to the list (Dick, 1953; Smithburn, 1940) . They have been given geographical and often unpronounceable names corresponding to the place at which they were first found, which place of first discovery often bears little relation to their general distribution. On the whole it seems that these African arbor viruses tend to be viscerotropic rather than neurotropic. At least some of them, however, do show neurotropic properties and whether they are likely to cause encephalitis is still uncertain. These arbor viruses have been classified by into groups depending upon the hemagglutination reaction. In Africa there are representatives of all groups.
African group A viruses include Chikungunya, Middleberg, Semliki Forest and Sindbis viruses. The Chikungunya virus has been responsible for epidenmics of an illness exactly resembling dengue in both Uganda and the Northern Transvaal (Robinson, 1955) . The domestic Aedes agypti is the chief vector and it is possible that monkeys form a reservoir of infection. Infected monkeys develop encephalitis. Chikungunya is not a place name but translated means "that which bends up".
African group B viruses include yellow fever, dengue 1 and 2, Ntaya, Zika, Wesselbron, West Nile, and Uganda S viruses. The West Nile virus in many ways closely resembles the virus of Japanese B encephalitis. Serologically it is closely related; like Japanese B, epidemic spread of infection depends upon the primary infection of bird fledglings, notably the hooded crow (Work et al., 1955) . This infection gives a boost to mosquito infection, and these in turn infect man. Though this virus was first isolated by Smithburn from the blood of an African woman suffering from a mild fever in the West Nile region of Uganda, the maximal incidence of infection appears to be in Cairo. where 70% of the population show significant antibodies in their blood. In Egypt the infection is seen chiefly in children, and produces a dengue-like illness, though this is often masked by malaria, as the season for both infections coincide. Epidemics of a dengue-like illness due to this virus have been reported from Israel in 1950, 1951 and 1952. In these outbreaks there were cases of aseptic meningitis with considerable pleocytosis in the C.S.F. (Bernkopf and Levine, 1952) . Moreover, inoculation of this virus into patients suffering from cancer caused encephalitis in 9 out of 78 (Southam. and Moore, 1954) . The vector in Israel was the Culex molestus. Another virus of this group, the Zika virus carried by Aedes africanus, has been associated with outbreaks of hepatitis (Macnamara, 1954) . This virus is highly neurotropic to mice following intraperitoneal inoculation. Antibodies to the Zika virus are widespread amongst the population of Eastern Nigeria.
Besides these there are other viruses so far ungrouped. The Bwamba fever virus first isolated, again by Smithburn, from the blood of immigrant labourers in Uganda is now thought to be one of the commonest causes of febrile illness in Central Africa and 80 % of the inhabitants of Uganda show significant antibodies to this virus in their blood. It produces a mild fever lasting two to five days. The Bunyamwera virus, though as yet not associated with known naturally occurring infections in man, when experimentally inoculated into one man produced a nearly fatal encephalitis. The Rift Valley fever virus primarily infects cattle and sheep producing, like yellow fever, a mid-zonal necrosis of liver cells. Herdsmen and milkmen coming into contact with these animals are often infected. A sudden fever, rigors, a tendency to a saddle-back temperature chart, flushed face, severe body pains, Faget's sign and a sense of heaviness in the liver region make up a clinical syndrome not unlike that of yellow fever. Retinal complications with resultant loss of vision have been reported. Aedes caballus is an efficient vector but it is still doubtful whether human infections commonly occur through this agency.
The mengo-encephalitis virus has been associated with one definite case of encephalitis and several cases of aseptic meningitis. Though isolated from the Culex taniorrhynchus, Dick, who incidentally developed encephalitis whilst working with the virus, doubts whether infection is mosquito-borne. Rats, monkeys and mongoose are also infected and infection in man may be due to accidental contamination of food by virus excreted in the urine and feces of rats.
This virus is related to the encephalomyocarditis virus.
It will be seen that these viruses are widespread throughout the African continent and that infections follow the clinical and epidemiological pattern of arbor virus infections. The clinical picture is that of a dengue-like illness on which may be superimposed hepatitis or encephalitis. Epidemiologically there are animal reservoirs and mosquito vectors. Where climatic conditions remain constant throughout the year infection is endemic and mostly confined to children. Where the climate shows seasonal variation epidemics occur. Though for the most part the nervous lesions have been mild or produced in rather unnatural circumstances, it would be unwise to regard these viruses as non-neurotropic. Arbor viruses are characteristically neurotropic. If encephalitis were to occur it would be mostly the children of the indigenous population who would be affected. With the very limited facilities available throughout these areas, the differentiation of such an illness from cerebral malaria or even tick typhus, relapsing fever, mumps and polioencephalitis, trypanosomiasis and toxoplasmosis is difficult. Anyone who has worked in Africa will have seen cases of encephalitis confirmed at autopsy as being of unknown cause. Such cases are particularly common in European children. So far attempts at virus isolation from the brains of these patients have been unsuccessful. Geerling (1950) in Johannesburg had collected 100 cases of acute encephalitis of unknown origin by 1950 and drew attention to the extremely high rate of post-encephalitic parkinsonism amongst Africans in Johannesburg. Basal ganglia disease is a good deal more common amongst Africans than Europeans. There has recently been described an outbreak of encephalitis amongst immigrants seeking diamonds in Sierre Leone (Rose, 1957) . 200 8 Though no particular arbor-virus encephalitis has so far been recognized in Africa, it would be rash for those responsible for the introduction of large numbers of young non-immunes into such areas not to be at least conversant with the possibilities. It would be a strange thing if the continent of Africa where so many diseases are insect-borne should be the only continent where arbor-borne virus encephalitis did not occur.
Major V. M. Innes, Q.A.R.A.N.C.:
Nursing of Encephalitis In the tropics, because of the long-term nature of this disease and the absence of any specific remedy, good supportive measures are necessary. Conditions such as hyperpyrexia, convulsions, etc., require very special treatment.
Nursing is specifically directed towards:
(1) The maintenance of a free airway and measures to prevent the inhalation of vomit. The patient is nursed on a firm mattress with no pillow, using a tipping bed or with foot of bed blocked. It is stressed that if the patient is kept in a lateral position, a clear airway can be maintained in conjunction with a strict regime of hourly tipping, turning and oral suction.
(2) Adequate fluid and nutritional intake.-During the first forty-eight hours of the unconscious or delirious stage fluids are given intravenously, followed on the third day by intragastric feeds through a Ryle's tube. Prechecking the position of the tube and withdrawing and charting the residual gastric contents are necessary before each feed, emphasis being placed on the danger of a condition resembling paralytic ileus, and consequent inhalation of vomit. The twenty-four-hour diet comprises six pints of milk plus four ounces of Complan, a total calorific intake of 2,500. The patient's mental condition will determine whether continuous or intermittent feeds should be given.
(3) Protection of violent cases from injury by gentle restraint with the use of loose halters to wrists and ankles may be necessary should a delirious or obstreperous state ensue.
(4) Urgent antipyrexial measures are initiated by frequent tepid sponging, and in extreme cases by the careful use of fans and wet sheet cradling, in an endeavour to reduce the temperature to 1030 F. or thereabouts.
(5) The control of convulsions and prevention of bedsores.-The Ryle's tube proves an adequate vehicle should heavy sedation be necessary, drugs usually given being chlorpromazine 75 mg. initially in conjunction with a maintenance dose of up to 200 mg. daily. Additionally phenobarbitone 2 grains daily is used with success. Convulsions occurring in patients not fed intragastrically may be controlled by the use of such sedatives as intramuscular paraldehyde 5 ml. to 10 ml. or soluble phenobarbitone 3 grains. Bedsores are prevented by careful moving and skin care, in conjunction with a high protein diet.
(6) Observations of the patient.-Two-hourly recording of rectal temperature and blood pressure is continued during the acute febrile stage and the pulse and respiration rate are recorded every fifteen minutes, emphasis being placed on the dangers of medullary involvement and the necessity of early recognition of change in the conscious state. It is essential that every member of the staff should readily appreciate any change in the patient's condition and be able to give detailed verbal and written reports of the patient's condition and treatment.
Conclusion.-From the Service point of view the moral to be drawn from this is that these measures call for the very highest standard of training among Army nursing personnel, as events may move with dramatic suddenness, and unless skilled and devoted observation is constantly available for each and every case, and unless every member of the nursing staff is capable of carrying out emergency forms of treatment such as clearing airways, regulating drips and reducing hyperpyrexia, tragedies will occur which should be preventable.
Lastly the point must be made that the nursing of patients in air-conditioned and mosquitoproofed surroundings is a first essential in the prevention of hyperpyrexia, which is often the ultimate cause of death, and of infection of further insect vectors which are responsible for the epidemic spread of the disease.
In areas such as Singapore, Malaya and Hong Kong therefore, where some of these viruses and their vectors are already known to exist, high priority should be given to these essentials in all Military hospitals and Static Medical Units. Work's (1958) account of the discovery and investigation of Kyasanur Forest disease, due to a tick-borne virus related to Russian springsummer encephalitis virus, shows how rapidly knowledge of a new virus in this group can be acquired by a highly-trained team.
The first step in the characterization of a disease entity is the isolation and identification of the virus from the patient. Isolation of arthropod-borne viruses is usually carried out in suckling mice and may be very easy or difficult, depending on the susceptibility of the animals to the virus and its concentration in the tissues examined. Identification of a virus may present serious difficulties, and involve numerous passages for the preparation of suitable antigens. The work of Casals and others on the classification of these viruses on the basis of the hiemagglutination-inhibition test has simplified this process, but the close antigenic relationships between many of the viruses in group B increase the difficulty of definitive classification of these viruses.
Having isolated a virus from a patient, it is desirable to prove that its presence has resulted in a specific antibody response. Three techniques are in use for examining patients' sera. The heemagglutination-inhibition test is valuable in that antibody can be detected early, sometimes in about a week from the onset of the disease, but the specificity of the test is often too broad for it to be possible to determine precisely which virus is responsible. Antibody to the complementfixation test develops later and is usually more specific. The neutralization test is the most specific but requires large numbers of mice. All of these tests have technical difficulties, and require careful standardization.
Serological surveys of the population of an area are conducted with a view to finding out which viruses are or have been infecting man in that area. The three tests already mentioned may all be used, but the lack of specificity often makes it impossible to be certain which viruses have been at work, although certain probabilities can be stated. Thus Hammon et al. (1958) , conducting a serological survey in Manila, found antibodies which led them to suspect that the viruses of eastern equine, Japanese B encephalitis and dengue were present, together with at least one other virus from group A and two from group B. This type of investigation by itself is of limited value, but is an invaluable part of a larger study as it gives some indication of where the next moves lie.
These serological tests can also be used to discover antibodies in animals and birds in order to indicate the natural reservoirs of the diseases, and as a means of diagnosing experimental infection of an animal which survives.
Vectors can be investigated by attempts to isolate virus from them. Insects are trapped in various ways, and pools of insects are ground up and inoculated into suckling mice. Laboratory experiments with insects have also yielded valuable information as to their potential effectiveness as vectors when field information was not available.
Virus isolations from, and infection experiments ini, animal and bird reservoirs are required to show their importance. Transmission experiments may also be necessary before the cycle of a virus can be completely elucidated, and points of attack at which it might be broken discovered.
Whilst this field work is in progress, the characters of the virus have to be investigated. One reason for this is the need for diagnostic tools-antigens, stable suspensions of virus, antisera prepared in animals and so on. The other reason is that the preparation of an effective vaccine should be an objective early in the study of such viruses.
Such a vaccine might be living or killed, grown in animals, eggs or tissue culture. In either case, the initial aim is to find a technique of growing virus uniformly to very high concentrations.
The tissue in which it is grown must be non-toxic. If a live virus is used, it must be so attenuated as to cause no effects; while a killed one must contain no living organisms. The production of experimental vaccines has sometimes reached this stage and yet foundered because the material was not antigenically potent.
Only when the characteristics and life cycle of the virus are so well understood that preventive measures have achieved perfection is the virologist entitled to consider that his only task is the diagnosis of human disease, and by this time the disease should ideally have been wellnigh eradicated.
